
Sept. 9, 1969 J, M, FRASER ETAL 3,466,398 
AUTOMATIC LOAD ADJUSTMENT FOR TIME ASSIGNMENT SPEECH 

INTERPOLATION SYSTEMS 
Filed July 1, 1966 4 sheets-Sheet 1 

TRANS. 26 
‘SWITCH 
CONTROL 

TASI 
CONTROL 
CIRCUIT 

33 

34 

RECEIVING 
SWITCH 
CONTROL 

TASI. 
RECEIVING 
SWITCH 

22 I9 I 
J. M. FRASER 

lNI/ENTORSNl 6. LONG 
51/ K9 

A T TORNE V 







Sept 9, 1969 J. M. FRASER ETAL 3,466,398 
AUTOMATIC LOAD ADJUSTMENT FOR TIME ASSIGNMENT SPEECH 

INTERPOLATION SYSTEMS 
4 Sheets-Sheet 4 Filed July 1. 1966 

\ FIG. 3 

T. R O 

E M 

T A 

G n 

w 

R 

mm + 

4 

NH R . 3 

5 AT 2 

4 0 LE 
0 3 OD . 

wiz P ,6 

3 

a 2 

_|.. C E R 

8 2 2 

_ 

a 55: if: 
2 P 7 

fxw w 2 

2 

H A H A, 

6 

‘ 2 2 
2 M 2 

2 

mi 24M 

FIG. 4 

[—]> T0 TASI 
- SWITCHES 

2.22 
\/—°— 

258 253 

SWlTCHBOARD 

; /\_O_J 
— 254 

Li ‘ 

TASI 
CONTROL CCT. 

256 
/ 

/' _J__ 
HL — 

L255 



United States Patent 0 
1 

3,466,398 
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ABSTRACT OF THE DISCLOSURE 
A Time Assignment Speech Interpolation (TASI) 

system is disclosed in which the quality of speech being 
transmitted, as measured by the freezeout ratio, is moni 
tored and the number of input lines is adjus'ed so as to 
maintain the freezeout ratio constant thereby increasing 
the number of input lines that may be served. 

This invention relates to multichannel communication 
systems and, more particularly, to automatically adjust 
ing, load-balancing line switching circuits for use with 
such systems. 

In communication systems using long and expensive 
transmission facilities, such as transoceanic submarine 
cables and satellite communication systems, terminal 
facilities which insure optimum utilization of the trans 
mission channels are very important. For the transmission 
of speech, one particularly useful system is the Time As 
signment Speech Interpolation (TASI) system disclosed in 
A. R. Kolding et al. Patent No. 2,957,946, granted Oct. 25, 
1960. This system takes advantage of the statistical fact 
that a telephone conversation, on the average, uses the 
transmission channel in one direction for less than one 
half of the time By connecting a talker to a channel only 
when speech is actually present, and at other times con~ 
necting the channel to other active talkers, large savings 
in channel time may be effected. 
The limit on the number of trunks which can be served 

by a transmission facility equipped with TASI switching 
equipment depends directly on the quality of speech 
required. It Will be apparent that, Whenever a number 
of talkers greater than the number of transmission chan 
nels simultaneously begin speaking, a certain number of 
these talkers will be temporarily denied service or “frozen 
out” of the transmission facilities. Such “freeze-outs” 
cause a loss of some speech fragmen‘s, and hence degrade 
service. 

Heretofore proposed TASI systems have been con 
structed so as to minimize this degradation by ?xing the 
ratio of talkers to channels at some preferred ratio. This 
ratio, of course, is chosen with the view of providing 
acceptable service even at those times when talker activity 
increases to some standard devia‘ion from the average. 
As a result, a good portion of the time the system is oper 
ating substantially below its capabilities. In addition, on 
those few occasions when the talker activity exceeds 
this standard deviation, the quality of service is degraded 
below that found to be the most desirable. 

It is an object of the present invention to improve the 
quality of speech transmitted by way of a time assign 
ment speech interpolation system. 

It is another object of the invention to increase the 
number of telephone trunks which may be connec‘ed to 
a ?xed number of transmission channels by way of a time 
assignment of speech interpolation system. 

It is a more speci?c obiect of the invention to main 
tain constant the quality of speech transmitted by way of 
a time assignment speech interpolation system. 
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It is yet another object of the invention to maintain a 
consiant ratio between the number of active talkers 
“frozen-out” of a time assignment speech interpolation 
system and the total number of active talkers. 

In accordance with the present invention, these and 
other objects are achieved by constantly monitoring the 
“freezeout fraction,” i.e., the ratio of the number of 
talkers instantaneously frozen-out to the total number of 
active talkers. Automatic trunk switching means are pro 
vided to increase or decrease the number of trunks hav 
in g access to the TASI system in response to variations in 
the freezeout fraction above or below the desired level. 
In this connecLion, it will be recognized that the freezeout 
fraction is the only valid criteria of quality of service pro 
vided by the TASI system. 
By continually adjusting the ratio of trunks to channels 

in response to changes in the current speech activity, not 
only is the quality ‘of speech continually maintained, but 
the average ratio is increased substantially. In the hereto 
fore proposed TASI systems, for example, a one-hundred 
channel transmission sysfem can handle the speech on 
about 235 telephone trunks. During an average busy 
hour, the system of the present invention continually 
adjusts the ratio of talkers to channels by providing serv 
ice for between 214 and 300 trunks. In this case the aver 
age number of .trunks serviced during the hour is 252. 
Moreover, during periods of less activity, even greater 
loads can be handled. These greater loads are handled, 
moreover, with no loss of speech quality and, indeed, in 
many cases, with an increase in speech quality. 

In connection with the present invention, it should be 
noted that changes in the trunk loading of a TASI 
system are effected by arti?cially busying out trunk ap 
pearances and then removing this arti?cial busy condition, 
and are not achieved by interrupting service on any trunk. 

These and other objects and features, the nature of the 
present invention and its various advantages, will be more 
readily understood upon consideration of the attached 
drawings and of the following detailed description of the 
drawings. 

In the drawings: 
FIG. 1 is a general schematic block diagram of one 

terminal of a time assignment speech interpolation sys‘ em 
using controlled loading in accordance with the present 
invention; 

FIGS. 2A and 2B, taken together, comprise a more 
detailed block diagram of the transmitting switch of a 
time assignment speech interpolation system modi?ed in 
accordance with the present invention; 

FIG. 3 is a more detailed block diagram of a monitoring 
circuit for monitoring the freezeout level; 

FIG. 4 is a detailed schematic diagram of the control 
circuitry for one trunk appearance in the system of FIG. 
1; and 
FIG. 5 is a detailed schematic diagram of an auto 

matic trunk load control circuit which can be used in 
the circuit of FIG. 1. 

Several of the ?gures of these drawings utilize the 
so-called “detached contact” convention in which no 
attempt is made to associate the contacts of a relay with 
the relay structure which operates those contacts. C011 
tacts associated with a particular relay winding are 
identi?ed by the same alphanumeric mnemonic. This 
convention is described _'by F. T. Meyers in “An Improved 
Detached~Contact Type of Schematic Circuit Drawing,” 
Communications and Electronics, No. 20, pages 505 
513, September 1955. 

Referring more particularly to FIG. 1, there is shown 
a schematic block diagram of one terminal of a multi 
channel communication system employing time assign 
ment speech interpolation. In general, the system of the 
present invention serves to connect a plurality of tele 
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phone trunks terminating in a toll switchboard 101 to an 
equal plurality of remote telephone trunks through two 
one Way multichannel transmission facilities 11 and 12. 
Transmission facilities 11 and 12 may comprise, for ex 
ample, transoceanic telephone cables, one for each direc 
tion, or satellite microwave radio links. By means of 
modulating equipment 13, a large number of telephone 
transmission channels may be carried by the single facility 
11 to the remote location, possibly on another continent. 
Similarly, transmission channels from the remote loca 
tion, carried by transmission facility 12, are separated by 
local demodulating equipment 14. 
The function of the TASI facilities in the above 

described communication system is to allow the trans 
mission facilities 11 and 12 to carry the speech derived 
from a far larger number of telephone trunks. In a 
communication system providing thirty-six transmission 
channels, for example, about seventy simultaneous tele 
phone conversations arriving over separate telephone 
trunks may be transmitted without signi?cant interfer 
ence. This is possible due to the large proportion of silent 
periods during an average telephone conversation. Pauses 
between sentences, words, and even syllables, as well as 
pauses while the other party is talking, may be made use 
of for the transmission of speech fragments from a 
different talker to a different listener. Less than one-half 
of the total conversation time is required to transmit the 
actual speech signals and hence more than two times 
as many talkers can be accommodated on a transmis 
sion facility by utilizing speech interpolation techniques. 

In order to interpolate speech on a time division 
basis, it is necessary to be able to connect any talker 
trunk to any transmission channel for at least the period 
of time required to transmit a speech fragment. TASI 
transmitting switch 15 is just such a facility. Transmitting 
switch 15, under the control of switch control circuit 16, 
can connect any one of a large number of telephone 
transmitting trunks 17 to the input of any one of a 
lesser number of transmission channels 18. Similarly, 
TASI receiving switch 19, under the control of switch 
control circuit 20, can connect the output of any one of 
a number of transmission channels 21 to any one of a far 
larger number of telephone receiving trunks 22. The de 
tails of one type of TASI switch and control circuit is 
disclosed in A. R. Kolding et al. Patent 2,957,946 granted 
Oct. 25, 1960, to which the reader is referred for these 
details. 
As disclosed in this patent, each telephone transmitting 

trunk 17 is monitored by a speech detector which indi 
cates when a connected telephone trunk is actually carry 
ing speech. These speech activity signals are supplied to 
transmission switch control circuit 16 to allow control 
circuit 16 to connect each active trunk to an available 
transmission channel. Since these connections are ‘con 
tinuously changing, however, a control lead 26 from the 
switch control circuit 16 is connected to an auxiliary con 
trol channel 27. Control lead 26 carries much of the 
information concerning the switching conditions which is 
necessary at the remote receiving terminal to duplicate 
these connections and thus allow the receiver to connect 
each local talker to the appropriate remote listener. 
At the bottom of FIG. 1, a corresponding control 

channel 28 is connected by way of control lead 29 to the 
receiving switch control circuit 20. In this way, receiving 
switch control circuit 20 receives the connection informa 
tion from the remote transmitting terminal and uses this 
information to duplicate locally the trunk-channel con 
nections at the remote transmitter and hence connect each 
remote talker to the appropriate local listener. Control 
channels 27 and 28 may be combined with the speech 
channels on facilities 11 and 12, as shown, or may com 
prise entirely separate transmission lines. In either event, 
it is apparent that the control channels must have a high 
degree of dependability and preferably each should have 
an alternate standby facility which can continue the con 
trol function in case of failure. 

10 

20 

25 

30 

35 

40 

50 

70 

4 
It will be noted that TASI transmitting and TASI re 

ceiving facilities comprise essentially separate and distinct 
transmission systems. The TASI transmitting switch 15 
sets up connections in response to the activity of local talk 
ers and these connections are duplicated at the remote 
TASI receiving facilities, not shown. Similarly, a remote 
transmitting switch, not shown, sets up connections in 
response to the activity of remote talkers and these con 
nections are duplicated in the local receiving switch 19. 
Transmitting facility 11 carries interpolated speech in 
one direction and transmission facility 12 carries inter 
polated speech in reverse direction. These transmissions 
and the associated switching functions are not synchro 
nized and, indeed, have no correspondence other than 
the identi?cation of each talker and listener pair with 
particular transmitting and receiving trunks. Speech 
transmitted in one direction between such a pair, for ex 
ample, need not occupy a channel or a time period corre 
sponding to that occupied by speech transmitted in the 
other direction between the same pair. 

In accordance with the present invention, means are 
also provided for selectively providing access to the TASI 
facilities from a conventional telephone plant. The TASI 
control circuit 31 is provided for this essential function. 
In order to understand the operation of the TASI control 
circuit of this invention, it is convenient to outline the 
operation of previous TASI systems. 

It is known that the transmission facilities 11 and 12 
would be statistically capable of carrying a preselected 
maximum number of telephone conversations with a pre 
scribed degree of ?delity. This preselected number, divided 
by a number of transmitting channels 18 or 19, is referred 
to as “the TASI advantage.” Heretofore proposed TASI 
systems have attempted to maintain this TASI advantage 
at a ?xed value in the face of failures in one or more of 
the transmission channels. In order to do so, it was neces 
sary to remove telephone trunks in direct proportion to 
the loss of transmission channels. Since this preselected 
ratio was based on statistical behavior of average talkers, 
occasions could arise when, due to variation from these 
average statistics, the quality of service might decline 
below the desired level. Moreover, at other times, the 
TASI system operates considerably below the point where 
any effect on speech can be detected and provides trans 
mission paths for far fewer telephone trunks than it is 
capable of. 

In accordance with the present invention, the ratio of 
telephone trunks to transmission channels is continuously 
varied in response to the actual quality of transmitted 
speech. In this way, the optimum number of telephone 
trunks is continuously provided with service although this 
number varies with the instantaneous statistics of the 
talkers as well as the availability of transmission channels. 
A convenient measure of the quality of transmitted 

speech is the so-called “freezeout fraction.” This ?gure 
is proportional to the ratio of the duration of lost speech 
fragments to the duration of speech, and is most desirably 
in the range of about 0.5 percent. To this end, a freeze 
out monitor 32 is provided to monitor the freezeout frac 
tion involved in the operation of the transmitting switch 
15. This freezeout fraction is supplied to TASI control 
circuit 31 which, in turn, controls the number of tele 
phone trunks at toll switchboard 10 which have access 
to the TASI facilities. In this way, the average number of 
trunks served by the transmission facilities 11 and 12 
is made substantially higher than when the trunk-channel 
ratio is maintained constant. Moreover, statistical varia 
tions in talker activity, as well as partial failure in the 
transmission facilities, are automatically compensated for 
by the same control circuit. 

Since the number of trunks having access to the TASI 
facilities must be balanced for both transmitting and re 
ceiving, TASI control circuit 31 generates a Transmit 
Decrease Trunk (TDT) signal on lead 33 which is trans 
mitted, by way of control channel 27, to the remote re 
ceiving terminal. Similarly, the remote transmitting ter 
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minal transmits a similar signal to the TASI control cir 
cuit 31 on lead 34, by way of control channel 38. This 
Receive Decrease Trunk (RDT) signal is utilized to re 
duce the number of trunks having access to the local 
TASI transmitting facility. It can be seen that the TASI 
control circuit 31 responds simultaneously to the quality 
of speech being transmitted through the local transmitting 
switch 15 as well as the quality of speech being trans 
mitted through the remote transmitting switch, not shown. 
In the preferred embodiment, trunks are denied access 
to the TASI facilities by the simple expedient of marking 
these trunk terminals busy at the toll switchboard 10. 

Referring more particularly to FIGS. 2A and 2B, there 
is shown a detailed block diagram of a portion of the 
transmitting switch 15 shown as a block in FIG. 1. The 
details for this transmitting switch are substantially iden 
tical to those disclosed in the aforementioned patent of 
A. R. Kolding et al., the only difference being the addi 
tion of the circuitry necessary to generate the freezeout 
information required by control circuit 31. 

In FIG. 2A then a plurality of input terminals are pro 
vided for connecting signal sources to the TASI trans 
mitter. For the purpose of convenience only one of these 
input terminals, terminal 103 has been illustrated. Con 
nected to each of these input terminals is a line equipment 
station such as station 104 illustrated as being connected 
to input terminal 103. Line equipment station 104 in 
cludes all of the per line equipment required for the TASI 
transmitting switch. It includes a ?lter, an ampli?er speech 
detectors and logic, as well as a time division gate, and 
is described in detail in the Kolding et al. patent. 

There is also shown in FIG. 2A common line equip 
ment 117 which includes a bank of selectors and scanners 
controlled by binary codes to selectively connect an iden 
ti?ed one of a plurality of addressed terminals to the same 
common terminal. These are used for selectively operat 
ing the line gates, scanning the speech detector outputs, 
and similar operations. ~ 
The TASI transmission switch is driven by a clock 

, generator 137 which advances a binary counter 138. The 
output of counter 138 serves to identify, in succession, the 
talker input lines connected to the TASI terminals. Under 
control of these codes, the activity of the various lines is 
scanned and, when an active line is detected, the corre 
sponding code is gated into queue register 141. Queue 
register 141 serves to form a queue of talker line identi 
?cations for those requiring service and maintains this 
queue until channels are made available to the corre 
sponding talkers. These codes are then supplied to a 
memory circuit . 170 which continuously >maintains a 
record'of the current assignment of active talkers to idle 
transmission channels. These assignments are used to 
effect the actual connections over time division line 108. 
As described in the aforementioned Kolding et al. patent, 
these assignments are from time to time changed in re 
sponse to the varying, pattern of speech activity. Finally, 
the current assignment of talkers to channels are trans 
mitted to the remote TASI facility by way of a connect 
signal transmitter 198 and disconnect signal transmitter 
199 (FIG. 2B). , 
Also shown in FIG. 2B is an illustrative transmission 

‘channel 188 connected to a channel input circuit 184. 
There is, of course, one such channel input circuit for 
each of the transmission channels 18 in FIG. 1. This 
channel input circuit includes a ?lter, ampli?er and the 
time division channel gate required to make connections 
to the common bus 108. By synchronizing the operation 
of the line gates and channel gate, samples of speech 
can be delivered from any one of the talker lines to any 
one of the transmitter channels, and if these samples are 
repeated at a suf?ciently rapid rate, the speech signal can 
be faithfully reproduced by means of a low-pass ?lter. 

In accordance with the present invention, means are 
also provided in the transmitting switch of FIGS. 2A and 
2B to determine the quality of the speech currently being 
transmitted by the transmitting switch. As previously 
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6 
noted, this quality is accurately represented by the freeze 
out fraction, i.e., the ratio of talkers requiring service, 
but who have not as yet received such service, to the 
total number of active talkers. To this end, a scanning cir 
cuit 220 is provided to scan the status of the various 
registers within queue register 141 (FIG. 2A). These 
status signals appearing on leads 144, 145, 152 and 153, 
indicate when a talker code is not currently stored in 
the corresponding stage of the queue register. Since this 
queue register holds the codes of active but not yet as 
signed talkers, the output of scanner 220 is a bit stream 
the density of which is inversely proportional to the num 
ber of talkers frozen out. This bit stream is inverted in 
inversion circuit 221 and is supplied to terminal 222. Thus 
the density of the bit stream at terminal 222 is directly 
proportional to the number of active talkers not yet re 
ceiving service, i.e., frozen-out. 
The total number of talkers actually receiving service 

are talkers who are currently assigned transmitting chan 
nels in memory 170. The status memory 171 within 
memory 170 as discussed in the Kolding et al. patent, 
maintains a record of the status of such assignments. 
These status signals, appearing on leads 178, 179, 180' 
and 181, indicate, respectively, that a new talker-channel 
assignment is being set up; that a talker-channel assign 
ment is being used; that a talker-channel assignment is 
being discontinued; that a talker-channel assignment does 
not exist for that channel. Since the number of assign 
ments in use, together with the inverse of the assignments 
not being used for speech, represent the total number of 
active talkers receiving service, leads 179 and 281 are 
connected to a logical AND gate 223, the output of which 
is supplied to terminal 224. The output at terminal 224 
therefore comprises a bit stream the density of which 
is directly proportional to the number of talkers currently 
active. In accordance with the present invention, the 
ratio of the density of the bit streams at terminals 222 
and 224 is substantially proportional to the freezeout frac 
tion and hence represents the quality of service being 
provided by the TASI transmitting switch. Further de 
tails of the operation of the transmitting switch of FIGS. 
2A and 2B can be obtained from the detail description 
in the aforementioned patent of A. R. Kolding et al. 

Referring then to FIG. 3, there is shown a detailed 
block diagram of the freezeout monitor 32 of FIG. 1. 
In general, the circuit of FIG. 3 utilizes the pulse streams 
available at terminals 222 and 224 (FIG. 2B) to generate 
signals indicating the necessity for an increase or decrease 
in the number of trunks having access to the TASI fa 
cilities. In FIG. 3, the terminals labeled 222 and 224 
correspond, respectively, to the similarly numbered termi 
nals in FIG. 2B. The pulse streams appearing at these 
terminals represent the basic data required to compute 
the freezeout fraction. 

Terminals 222 and 224 are connected to operational 
ampli?ers 225 and 226, respectively, which are arranged 
as integrator circuits, and provide at their outputs direct 
current voltages proportional to the density of the input 
pulse streams. The output of ampli?er 225 therefore is 
proportional to the number of active talkers which are 
frozen out of the TASI facilities, i.e., their speech is 
clipped. The output of ampli?er 226, on the other hand. 
is substantially proportional to the total number of active 
talkers. It will be noted, however, that the input pulse 
stream to terminal 224 represents only those active talkers 
who are actually receiving service. Since the number of 
active talkers not receiving service is maintained at a 
very small percentage of the total number of active 
talkers, the approximation afforded by the input to termi 
nal 224 is an entirely adequate representation of all active 
talkers. 

If it is assumed that the desired freezeout fraction is 
some preselected value (.005 for example), then the volt 
age divider 227 can be arranged to attenuate the speech 
activity signal at the output of ampli?er 226 by this 
amount. Under this condition, the outputs of ampli?ers 
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225 and 226 are exactly equal when the freezeout fraction 
is at the desired level. These outputs are applied to dif 
ferential ampli?er 228, the output of which is used as a 
control signal to control the number of trunks having 
access to the TASI facilities. 
To this end, the output of differential ampli?er 228 is 

applied to recti?er 229 which, in turn, is used to control 
the frequency of a variable frequency, voltage controlled 
oscillator 230. The output of oscillator 230, in turn, is 
applied to a pulse shaping circuit 231 which provides 
pulses at a rate which is proportional to the absolute 
magnitude of the output voltage from differential ampli 
?er 228. 
The output of differential ampli?er 228 is also applied 

to a polarity detector 233 which provides an output on 
lead 234 when its input is positive and an output on lead 
235 when its input is negative. It can be seen that the out 
put of differential ampli?er 228 is monitored both as to 
magnitude and as to polarity. Positive outputs are used 
to increase the number of trunks having access to the 
TASI facilities while negative outputs are used to decrease 
this number. Moreover, the rate at which trunks are in 
creased or decreased is made proportional to the absolute 
magnitude of the output from differential ampli?er 228. 
In this way, large deviations from the desired freezeout 
level cause rapid changes in the number of trunks having 
access. Smaller changes, on the other hand, representing 
a less serious condition, allow trunks to be increased or 
decreased at a smaller rate. 

Gating circuits 236 and 237 are connected to the output 
of pulse shaper 231. The output of gates 236 and 237 are 
respectively connected to Increase Trunks (IT) relay 238 
and Decrease Trunks (DT) relay 239. The positive output 
from polarity detector 233 on lead 234 is applied by way 
of inhibiting gate 240 to enable gate 236 and allows the 
application of pulses to IT relay 238. The negative output 
of polarity detector 233 on lead 235 is applied to enable 
gate 237' and allows the application of pulses to DT relay 
239‘. 
The output on lead 235 also provides the TDT output 

identi?ed'by reference numeral 33 in FIG. 1. The inhibit 
input ‘to inhibit gate 240 corresponds to the RDT lead 
identi?ed by reference numeral 34 in FIG. 1. The purpose 
of transmitting the decrease trunk signal to the remote 
terminal is to prevent that terminal from increasing trunks 
at the same time that the local terminal is attempting to 
decrease trunks. The TDT signal generated at the remote 
terminal becomes the RDT signal at the local terminal 
and is used to inhibit the increase of trunks by way of 
inhibit gate 240. 

If it is desired to introduce some hysteresis in the oper 
ation of the freezeout monitor of FIG. 3, the polarity de 
tector 233 may be arranged such that outputs are produced 
on output leads 234 and 235 only after the input to polarity 
detector 233 has deviated from zero by some preselected 
small amount. This hysteresis allows minor ?uctuations to 
take place in the freezeout fraction without taking action. 

In FIG. 4 there is shown a schematic diagram of a 
typical trunk appearance at the toll switchboard 10 of 
FIG. 1. Only one such position is shown since all are sub 
stantially identical. As can be seen, a busy relay 250 is 
operated by the insertion of an incoming telephone trunk 
plug 251 into station jack 252 at the toll switchboard. The 
insertion of this trunk plug into the station jack 252 con 
nects the spring contact 254 to sleeve 258 and thereby 
operates busy relay 250. The operation of any one of the 
busy relays corresponding to relay 250 indicates that the 
corresponding incoming trunk is connected to the associ 
ated TASI trunk at the toll switchboard. Operation of 
Hold relay contacts 256 in lead 259 to switchboard idle 
lamp 257 prevents the “circuit idle” lamp from lighting, 
and thereby prevents an operator from making a trunk 
connection to this trunk. 
The arrangement of FIG. 4 serves to indicate to the 

TASI control circuit each trunk which is in actual use. 
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It also provides the TASI control circuit with means for 
marking inactive trunk appearances as unavailable for use. 
In this way, the number of trunks having access to the 
TASI facilities can be controlled from the TASI control 
circuit. 

Referring more particularly to FIG. 5, there is shown 
a schematic diagram of a lockout selector circuit which is 
used to selectively mark the trunk jack appearances at the 
toll switchboard as busy. The selector circuit of FIG. 5 
comprises a plurality of H-relays 261, 263, 265 and 
G-relays 262, 264, 266. One H-relay and one G-relay are 
provided for each trunk appearance at the toll switch 
board 10 in FIG. 1. In the illustrative embodiment, this 
number is assumed to be one hundred and twenty, al 
though it may, in fact, be any number between two and 
four times the total number of transmission channels 
available on the transmission facilities 11 and 12. Each 
relay winding 261 to 266 is connected through a current 
limiting resistor to a positive voltage bus 267. The same 
terminal of each relay winding is connected to a switch 
ing matrix including contacts operated by itself and op— 
erated by a corresponding B-relay (such as B-relay 250‘ in 
FIG. 4) for releasing purposes. 
Assuming ?rst that DT relay 239 in FIG. 3 is operated 

in response to an excessively large freezeout condition, 
DT contacts 268 close to release H~1 relay 261 and G-I 
relay 262 through the normally open contacts 269 of 
the B-1 relay and the normally closed contact 271 of 
H—1 relay 261. It will be noted that, if telephone trunk 
No. 1 is already in use, the B-1 relay will be operated 
by way of an arrangement similar to that shown in FIG. 
4. Since it is desired to operate the hold relays for trunks 
carrying calls, to insure that when that call has terminated 
no new speech is allowed in, the B-1 relay must be op 
erated to allow H-1 and 6-1 to be controlled. If the 
B-1 relay is not operated, normally closed contact 270 
Will transfer control around relay windings 261 and 262. 
Instead H-2 and G~2 relays 263 and 264 will operate, 
provided, of course, that the corresponding B~2 relay 
contacts are operated. Againg, if the corresponding B—2 
relay is not operated, control will be transferred to the 
next H-relay and G-relay in the chain, and this process 
continues until an H- and G-relay is encountered for 
which the corresponding B-relay is operated. Moreover, 
in order for an H- and G-relay pair to be controlled by 
a “decrease trunk” command, the trunk must be avail 
able, which requires that the H~relay ‘be unoperated. 
Therefore the control must be passed through H-l con 
tact 271 in order for trunk 1 to be held. If the trunk is 
already held, contacts 272 and 273 will be operated, 
transferring control to the next relay pair 263 and 264. 

Returning to H1—G1 relays 261 and 262, and assuming 
that B—1 contact 269 is operated and that trunk No. 1 is 
busy so the H1 contact 271 is not operated, op 
eration of the DT contact 268 will release G-1 relay 
262 and keep H-pl relay 261 unoperated. When the “de 
crease trunk” pulse has ?nished and DT contact 268 is 
no longer operated, G1 contact 274 will operate H-l relay 
261. The relays will then be in the “held” position, with 
H—1 relay 261 operated and G-1 relay 262 released. It 
should be noted that the use of two relays arranged in 
this manner insures that exactly one trunk will be made 
busy every time the DT contact 2618 operates. 
On all successive pulses following the ?rst pulse, an 

other H-relay and G-relay in FIG. 5 is controlled, caus 
ing the corresponding circuit to be held idle as shown 
in FIG. 4. This process continues until the freezeout 
fraction falls to the desired level, at ‘which time DT re— 
lay 239 (FIG. 3) no longer receives pulses by way of 
gate 237. At this time, the switchboard idle lamps of 
several circuits carrying calls will have been disabled, 
insuring that when the call in progress has terminated 
a new call will not enter the TASI system on the trunk 
made busy, thus tending to reduce the freezeout fraction 
to the desired value. 
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At some later time, a number of talkers will cease to 
talk or hangup and the freezeout fraction will fall below 
the desired value. It will be advisable to take a trunk 
out of hold condition and put it in “available” state. 
To do this a pulse will be delivered by way of gate 236 to 
IT relay 238 (FIG. 3). At this time IT contact 284 op 
erates, providing a ground path to G—1 relay 262 (assum 
ing H~1 contacts 275 and 276 are already operated). At 
this time G-1 relay 262 will operate. When the IT pulse 
has passed and IT contact 284 is no longer operated, 
G-1 contact 277 will hold -G—1 relay 262 operated and 
relay H-1 will release because G-1 contact 274 opens, 
and the relays will again be in the “available” state with 
6-1 relay 262 operated an H-1 relay 261 released. Al 
ternatively, if the H-1 and 6-1 relays are already in 
the “available” state, H-1 relay released and G-1 relay 
operated, when the IT contact is operated, H-1 and 6-1 
contacts 278 H—G relays in the held state in the chain 
are released for each operation, next relay pair 263 and 
264. In this way, the ?rst H-G relays in the held state in 
the chain are released for each operation of IT contacts 
284 and are now in the available state. As with the DT 
operations, the use of two relays insures that only one 
trunk is released from the held state for each operation 
of IT contact 284. Successive operations of IT contact 
284 serve to release successive ones of the trunks from 
the held state, thereby allowing the corresponding idle 
lamp to light. Connections may thereafter be made 
at the toll switchboard to these trunks, resulting in in 
creased speech activity and an increased freezeout frac 
tion, tending to bring the freezeout fraction back up to 
the value desired. 

It can be seen that the circuits of FIGS. 3, 4 and 5, 
in combination, serve to maintain the freezeout fraction 
at the desired level by selectively marking the trunk ap 
pearances as busy and selectively removing these mark 
ings. A sul?cient amount of averaging is provided by 
the integrating ampli?ers 225 and 226 to provide a rea 
sonable time constant. This arrangement, together with 
the arrangement which allows only a single H- and G 
relay to operate at a time, prevents the control system 
from overcompensating an extreme condition and caus 
ing unwanted oscillations in the control function. 

It may be noted that trunks are marked busy in the 
lockout selector circuit of FIG. 5 in a preselected sequence 
since lockout always begins with the lowest numbered 
trunk. For this reason, these low-numbered trunks will 
be locked out most frequently. In the higher numbered 
trunks, lockout will occur very infrequently, if at all. 
Higher priority services can therefore be assigned to the 
higher numbered trunks and the control circuit of the 
present invention will insure the maintenance of these 
priority ratings. 

If on the other hand, such priorities are not desired, 
a different type of lockout selector may be devised in 
which the trunks to be locked out are selected at ran 
dom. This could be accomplished, for example, by a 
scanning arrangement which selects the trunks to be 
locked out on the basis of the time at which the request 
for increasing or decreasing trunks is received. If the 
scanning is done at a sufficiently rapid rate, this time 
occurs more or less randomly within the scanning cycle. 

It is to be understood that the above-described ar 
rangements are merely illustrative of the numerous and 
varied other arrangements which may constitute appli 
cations of the principles of the invention. Such other ar 
rangements may readily be devised by those skilled in 
the art without departing from the spirit or scope of this 
invention. 
What is claimed is: 
1. A control system in which a plurality of user fa 

cilities compete for the temporary use of a lesser plu 
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10 
rality of service facilities on a random basis, said control 
system comprising, means for measuring the ratio of the 
number of user facilities requesting and not receiving 
service to the total number of user facilities requesting 
service, and means, responsive to deviations of said ratio 
from a preselected value, for adjusting the number of 
said user’s facilities competing for said service facilities. 

2. The control system according to claim 1 wherein 
said user’s facilities comprise telephone trunks and said 
service facilities comprise transmission channels. 

3. The control system according to claim 2 further 
including time assignment speech interpolation means for 
selectively connecting active ones of said telephone trunks 
to available ones of said transmission channels for at 
least the duration of the current activity. . 

4. The control system according to claim 1 wherein 
said measuring means comprises means for dilferentially 
combining signals proportional to said numbers, and 
means for determining the polarity and magnitude of said 
differential combination, said adjusting means increasing 
or decreasing said number of user facilities, depending on 
said polarity and at a rate proportional to said magnitude. 

5. The control system according to claim 4 wherein 
said adjusting means includes means for changing said 
number of user facilities in incremental steps of one. 

6. In a time assignment speech interpolation system 
wherein active ones of a plurality of talker lines are 
selectively connected to available ones of a lesser plu 
rality of transmission channels on a time division basis, 
means for adjusting the ratio of said talker lines to said 
transmission channels in response to the quality of speech 
transmitted, said adjusting means comprising a freezeout 
monitor for measuring the ratio of the number of active 
talker lines not connected to transmission channels to the 
total number of active talker lines, and means responsive 
to said freezeout ratio for adjusting the‘number of said 
talker lines competing for said transmission channels so 
as to maintain said freezeout ratio at a preselected value. 

7. The combination according to claim 6- wherein said 
freezeout monitor comprises means for deriving a signal 
proportional to said number of active but unconnected 
talkers, means for deriving signal proportional to said 
total number of active talkers, means for attenuating said 
signal proportional to said total number of active talkers 
by said preselected value, means for obtaining the differ 
ence between said attenuated signal and said signal pro 
portional to said number of active but unconnected talk 
ers, means for generating pulses at a rate proportional 
to said difference, means for applying said pulses to in 
crease said number of talker lines when said difference 
is positive, and means for applying said pulses to decrease 
said number of talker lines when said di?erence is nega 
tive. 

-8. The combination according to claim 6 wherein said 
adjusting means comprises means for marking each talker 
line as busy when it is not to be used. 

9. The combination according to claim 6 further in 
cluding means for disabling said adjusting means in re 
sponse to remote receiving end operation. 
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